Introduction and Methods
We describe here results of magnetic susceptibility (MS) measurements and magnetic mineralogy of sediments sampled in three cores from the south basin of Great Salt Lake ( fig. 1 ). The cores were obtained in 1996 with a Kullenburg-type piston corer at sites in close proximity: core 96-4 at 41° 01.00' N, 112° 28.00' W and cores 96-5 and 96-6 at 41° 00.09' N, 112° 23.05' W. These sites are close to the locations of cores C and D described by Spencer and others (1984) . Cores 96-5 (2.16 m long) and -6 combine to make a composite 11.31-m sediment record. Sediments in core 96-4 (5.54 m long) correspond to the approximate depth interval of 3.9-9.6 m in the composite core of 96-5 and -6 based on similarities in the MS records as described below. The central goal of the research was to provide a sediment record of paleoenvironmental change in the northeastern Basin and Range Province over the past 40,000 years. Specific targets included a sedimentologic record of lake-level change combined with a pollen record of climatic change. The late Quaternary lake-level history at Great Salt Lake is summarized by Oviatt and others (1992) and Godsey and others (2005) .
Measurements of MS were made using a Sapphire II pass-through coil on continuous uchannel samples (Tauxe and others, 1983) to determine variations in the concentration of magnetic minerals. Such variations may result from environmentally important factors in a lake-catchment system, including changes in sediment source areas, in weathering and sediment transport, and in post-depositional alteration that may reflect changes in water chemistry (for example, Rosenbaum and others, 1996; Rosenbaum, 2005; Reynolds and others, 1994; Reynolds and Rosenbaum, 2005) .
Magnetic minerals were identified petrographically in selected samples from the cores. The petrographic observations reported here elucidate the mineralogic causes of variations in MS and thereby assist paleoenvironmental interpretations that may be difficult or impossible to infer from MS alone. Moreover, petrographically observed textures (size and shape) of the detrital magnetic minerals may provide clues to their origins, including erosional and depositional processes. Special attention was given to post-depositional alteration of the lake sediments, expressed by authigenic magnetic minerals and dissolution of detrital grains, because these factors commonly have strong influences on magnetic property variations in lake sediments. Such alteration provides clues to changes in lake-water chemistry.
Magnetic grains were separated from bulk sediment by pumping a slurry of the sediment past a stationary magnet (Reynolds and others, 2001 ). Grains, mounted in epoxy and polished, were examined using reflected-light microscopy at magnifications as high as 400x. The 18 samples examined in this study were considered sufficient to understand the large range of variation in the magnetic susceptibility.
Age, Features, and Magnetic Susceptibility of the Sediments
Age control was obtained by accelerator mass spectrometry (AMS) radiocarbon analyses and by the presence of two tephra layers. The base of the composite 96-5 and -6 core is dated by 14 C at 37.1 ka. More than sixty additional radiocarbon ages and two volcanic ashes provide chronologic control for the lake deposits (Thompson and Oviatt, unpub. data) . The bottom 2.7 m of the core is characterized by laminated mud that represents shallow-lake conditions prior to Lake Bonneville high stands and that has low to intermediate magnetic susceptibility (typically <1x10 -4 volume SI; table 1). Near the top of this interval, at a depth of about 8.98 m in composite core 96-5 and -6, lies a basaltic tephra, tentatively identified informally as the Hansel Valley ash (26.5 ka; fig  2A) (Oviatt and others, 1992) . This ash bed is also found at a 3.84-m depth in core 96-4 ( fig. 2C ). Above the ash bed, gray-banded to massive mud, which represents relatively high lake level, is characterized by relatively high (>1x10 -4 volume SI) magnetic susceptibility. Highest MS is found at an approximately 7.74-7.90-m composite depth in core 96-6 and approximately 3.36-3.53-m depth in core 96-4, in sediments that are estimated to be between 16 and 18 14 C ka based on AMS dates on bulk sediments from core 96-6. The sharp decline in MS directly above the interval of highest MS spans the time of the highest late Pleistocene lake level that produced the Lake Bonneville shoreline. Younger sediment has low and mostly uniform magnetic susceptibility (typically <0.6x10 -4 volume SI). This sediment includes light-gray banded mud representing the regression from the Provo shoreline (approx. 7.48-7.12-m depths), as well as overlying blacklaminated, brine-shrimp mud (approx. 7.12-6.7-m depths) and brine-shrimp pelletal mud that represent most of the Holocene record. We did not obtain MS data on core segment 96-6 1B, representing 4.75-5.98-m depths in the composite core. The strong similarities in MS in the cores, especially the pattern of high MS between about 7.5 and 8.8 m in core 96-5 and -6 (table 1) and between about 3.2 and 3.9 m in core 96-4 (table 2), allowed correlation of their sediment (see figure 2) . The Mazama ash (7.627±150 cal ka; Zdanowicz and others, 1999 ) was found at a 5.38-m depth in composite core 96-5 and -6 and at a 0.92-m depth in core 96-4. 
Summary of Petrographic Observations
Petrographic observations indicate the presence of both detrital iron-titanium (Fe-Ti) oxide minerals and authigenic iron-sulfide minerals (table 3) . Magnetic minerals that are observed petrographically can account for the large variations in magnetic susceptibility. In general, samples having low values of MS have relatively low amounts of detrital Fe-Ti oxide minerals because these minerals have undergone substantial dissolution or replacement. Relatively high MS is related to the presence of abundant authigenic iron sulfide mineral greigite (Fe 3 S 4 ). In core 96-4, we did not examine the two samples that represent the highest spikes of MS values at 403.0-cm and 413.5-cm depths (table 2) . The principal observations are:
• Post-depositional iron sulfide minerals are present in each examined sample. Greigite is abundant in samples having highest values of magnetic susceptibility. Pyrite coexists with greigite in most samples but was not observed in samples of highest magnetic susceptibility.
• Detrital magnetite is the most plentiful magnetic mineral in many samples. All of these samples are characterized by either low MS (<0.6x10 -4 ) or intermediate MS (0.6-1.0x10 -4 ). The magnetite occurs primarily as grains of titaniferous magnetite and low-titanium magnetite, as well as particles within rock fragments and silicate grains.
• In nearly all samples, detrital Fe-Ti oxide minerals, especially magnetite, have been replaced by iron sulfide minerals, mostly pyrite but also greigite where the latter is abundant.
• Detrital titanohematite, referring to a range of compositions in the hematite-ilmenite solidsolution series that are highly magnetic, is generally sparse but likely controls the magnetic signal in two or three samples. A relatively high abundance of titanohematite in samples with few magnetic minerals usually indicates severe post-depositional destruction of detrital magnetite particles (for example, Reynolds and others, 1994; Force and others, 2001) . In some samples, even the detrital titanohematite has been degraded during post-depositional alteration by sulfide replacement and dissolution.
• Particles of titanohematite are commonly small (fine silt-sized; typically <10 μm) and angular, in contrast to many magnetite particles that range up to fine sand-size and are typically rounded.
(Such textures of some fine silt-sized magnetite particles can be discerned, even though they have been largely replaced by iron sulfide.) Unique interpretations about the sources of the small particles of detrital Fe-Ti oxide minerals are not possible, but their textures are consistent with their transport as atmospheric dust, as found for similar particles in Bear Lake (Utah and Idaho) sediments (Reynolds and Rosenbaum, 2005) .
• The shallowest sample examined (from core 96-5, 0.4-5.4 cm) contains abundant iron oxide minerals and only a small amount of pyrite. The most abundant types of magnetic minerals are those that have been produced by human activities and include magnetic fly-ash spherules generated by coal combustion. Particles of rock-derived magnetite are mostly in the size range 10-20 μm.
Preliminary Interpretations Linking Magnetic Susceptibility, Magnetic Mineralogy, and Late Quaternary Chemical Conditions in Great Salt Lake
The strong variations in MS in late Quaternary sediments in the south basin of Great Salt Lake appear to be strongly linked to major changes in lake level and related variation in lake-water chemistry. The connection among MS, lake level, and water chemistry is established mainly through post-depositional alterations that involve both detrital and authigenic iron-bearing minerals. Detrital Fe-Ti oxide minerals, especially magnetite, apparently have been partly to completely destroyed by reactions involving pore-water sulfide. The post-depositional destruction of magnetite appears to be a leading contributor to the low magnetic susceptibility of shallow-water sediments (above a depth of about 7.5 m) in composite core 96-5 and -6. This interpretation is based on petrographic evidence for originally more abundant detrital Fe oxides minerals indicated now by (1) titanium-rich relicts of former magnetite, and (2) numerous examples of former magnetite replaced by pyrite. Petrographic observations of pyritic replacement of magnetite qualitatively indicate a high degree of sulfidization in these relatively shallow-water sediments. Such conditions reflect high pore-water salinity, whether related to low inputs of fresh-water runoff or high rates of evaporation, or both. Dilution of lithogenic sediment by abundant brine shrimp pellets may contribute to low MS in this interval.
Greigite is responsible for the high MS of sediments spanning the glacial-age sediments, corresponding partly to Marine Isotope Stage 2. The abundance of greigite in sediments that represent deeper water conditions is consistent with sulfide-mineral formation under salinity conditions lower than those that produced pyrite. Such relatively low-salinity conditions are likely related to greater fresh-water inputs and (or) diminished evaporation. This interpretation is consistent with geochemical data from core D (Spencer and others, 1984) . Ostracodal mud in core D, which appears to be generally equivalent in age to high-MS, greigite-dominated sediment in core 96-6, contains sulfur having relatively heavy sulfur isotopic composition (greater than -10 per mil). Such values were interpreted to indicate relatively low sulfate concentrations during lakelevel rise leading to the Bonneville highstand.
High MS also characterizes glacial sediments in Bear Lake, upstream from Great Salt Lake (Dean and others, 2006) . The high MS in the Bear Lake sediments, however, is carried by detrital magnetite introduced as atmospheric dust into the catchment (Rosenbaum, 2005; Reynolds and Rosenbaum, 2005) . The detrital magnetite did not undergo discernible post-depositional alteration. The similarities and differences between the MS records at Great Salt Lake and Bear Lake are instructive. High MS in glacial-age sediments characterizes both settings that are connected by the Bear River-the primary drainage system in the northeastern Basin and Range Province. Nevertheless, the magnetic minerals responsible for the MS records at the two settings are completely different. With respect to magnetic properties, glacial conditions in Bear Lake supported the preservation of detrital iron oxide minerals, whereas glacial conditions in Great Salt Lake promoted destruction of detrital iron oxides and the simultaneous formation of authigenic iron sulfide minerals.
The magnetic minerals in the uppermost sample examined (0.4-5.4 cm in core 96-5) provide evidence for eolian dust sedimentation in Great Salt Lake. Most of the minerals in this sample likely represent recently deposited eolian dust on the basis of: (1) the presence of fly-ash particles that are typically introduced as airborne emissions during coal combustion, and (2) the predominance of fine-silt-sized Fe-oxide particles (commonly 10-20 µm) that are typical of eolian dust in this region (for example, Reynolds and Rosenbaum, 2005; Reynolds and others, 2006) . The presence of similar Fe-oxide particles deeper in the core suggests that at least some of detrital sediments in the middle of Great Salt Lake were introduced to the catchment as atmospheric dust. Accounting for the very large area of Great Salt Lake and its catchment, it is not possible to know the proportion of eolian dust that fell directly into the lake and the proportion that fell onto the catchment and resided there until transport into the lake. Relatively large particles, such as finesand-sized rock fragments and silicate grains that are likely too large for far-distance atmospheric transport, imply their derivation from bedrock in the watershed and fluvial transport to these lake sediments. An important issue in landscape development and condition of the western United States centers on recent (past 150 years, approximately) and contemporary dust flux compared to past dust flux. The abundance of magnetic eolian dust in shallow sediment provides a snapshot of post-industrial eolian inputs. Nevertheless, it is unlikely that magnetic studies of sediments of Great Salt Lake will reveal reliable records of changes in dust flux over past centuries, because highly reducing conditions in these sediments rapidly destroy magnetic Fe-oxide minerals and because of the unknown and perhaps long residence times of eolian dust in the watershed before transport into the lake. Drive/sect, drive and section in a core; Sample depth, depth in the drive and section from which magnetic particles were extracted; Depth in core, overall depth of a sample in a core. Depths for cores 96-5 and -6 
